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SOUND ABSORBING MECHANISM USING A POROUS .:MATERIAL/ 

BACKGROUND OF THE INVENTION 
·" 
··. Field of the Invention: 

This invention relates to an improvement of a sound 

absorbing mechanism to be placed around a noise generating 

source or in a propagation path of a noise, and more 

particularly relates to a sound absorbing mechanism using a 

porous material. ·' 

Description of the Prior Art: 

PRIOR ART l. 

Fig. 44 is a sectional view showing the construction 

of a conventional sound absorbing mechanism using a hard 

porous material as a first prior art (prior art l), and the 

figure also has an explanatory diagram for showing a sound 

pressure distribution of a sound wave to be input into the 

sound absorbing plate thereof. In Fig. 44, reference 

numeral 1 designates a sound insulator such as a wall; and 

numeral 2 designates a sound absorbing plate of a hard 

porous material made of plastic particles, a ceramic, foam 

metal or the like, for example. Reference numeral 11 

designates a back air space of the sound absorbing plate 2; 

numeral lla designates the thickness··o£ the back air space 
' .. ··.· 

11; numeral 81 designates an input sound; reference 

character ~ designates an average input angle of the input 

sound 81; and character A. designates a wavelength of a sound 

wave having the highest sound pressure level among the input 
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sounds 81. In the explanatory diagram showing a sound 

pressure distribution, mark + designates the operation of 

positive pressure on the sound absorbing plate 2; and mark -

designates the operation of negative pressure on the sound 

absorbing plate 2. Arrows 85 and 86 designate directions of 

an input sound wave operating on the back air space 11 

through the sound absorbing plate 2. 

Next, the operation thereof will be described. The 

input sound 81 passes through the sound absorbing plate 2 to 

be input into the back air space 11. The sound absorbing 

plate 2 has acoustic mass m and acoustic resistance r as the 

acoustic characterist.ics thereof, and the back air space 11 

has acoustic capacity c as the acoustic characteristic 

thereof. The acoustic equivalent circuit according to the 

acoustic characteristics of the sound absorbing plate 2 and 

the back air space 11 can be expressed as a series resonance 

circuit of r - m - c. According to this series resonance 

circuit, the resonance frequency thereof f 0 is expressed as 

the following formula. 

f 0 = ( 1 I 2 11") x { ( 1 I me) (1) 

When a sound wave having a frequency close to this 

resonance frequency f 0 is input into the sound absorbing 

plate 2, the ~nput impedance observed from the sound source 

side becomes minimum. Accordingly, only the acoustic 

resistance r of the sound absorbing plate 2 should be 

considered. If the acoustic resistance r of the sound 
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absorbing plate 2 is tuned to be a value close to the 

characteristic impedance p. a (p: density of air; a: sound 

velocity) of air, the sound absorption coefficient becomes 

1.0 at the resonance frequency f 0 • Consequently, the sound 

wave having the frequency close to the resonance frequency f 0 

penetrates into the sound absorbing mechanism most 

efficiently. The penetrated sound wave forces the air 

existing in the back air space 11 and having an acoustic 

characteristic of acoustic capacity c to vibrate. The 

vibrated air goes in and out through gaps in the sound 

absorbing plate 2, and the sound wave is transformed into 

thermal energy by the acoustic resistance r of the gaps. 

That makes it possible to radiate energy. This means that 

the energy of the input sound wave was absorbed in the sound 

absorbing mechanism, namely sound absorption has been 

performed. 

In the aforementioned sound absorption mechanism, it 

is known that the efficiency of sound absorption is highest 

in the case where the input sound 81 is input into the sound 

absorption plate 2 perpendicularly. That is to say, in the 

case where a sound wave is input perpendicularly, the phase 

relation of the sound wave on the top surf ace of the sound 

absorbing plate 2 is equal at any place on the top surface, 

and the whole of the sound absorbing plate 2 and the whole 

of the back air space 11 are unified consequently, so that 

the effective operation of resonance and sound absorption is 
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performed. On the other hand, the case where the input 

sound 81 is input into the sound absorbing plate 2 not 

perpendicularly but at a certain input angle p will be 

considered as an ordinary case. As shown in Fig. 44, when a 

sound wave having a wavelength A is input into the sound 

absorbing plate 2 at an input angle p, a phase difference 

having a period of A I cos<P> of sound pressure distribution 

is generated on the sound absorbing plate 2. A sound wave 

is basically absorbed by utilizing a resonance phenomenon. 

But, if a distribution of the strength of sound pressure is 

generated along a direction on a surf ace of the sound 

absorbing plate 2, pressures 85 and 86 having reverse 

directions to each other operate on the back air space 11, 

so that adjoining parts of the back air space 11 is 

acoustically oscillated reversely. Then, pressures are 

balanced in the back air space 11, and consequently it 

becomes difficult that air vibrations synchronized with 

input sound waves are generated. That is to say, it becomes 

difficult that resonance phenomena are generated between the 

sound absorbing plate 2 and the back air space 11, so that 

sound absorption effect is extremely checked. 

PRIOR ART 2. 

Fig. 45 is a longitudinal sectional view showing a 

sound absorbing mechanism utilizing a sound absorbing 

material and a resonance phenomenon by combining them as a 

second prior art (prior art 2), which is shown, for example, 
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in Japanese Patent Gazette No. 76116 / 1992 (Tokko-Hei 4-

76117}. Fig. 46 is a sound absorption characteristic 

diagram of the sound absorbing mechanism shown in Fig. 45. 

In Fig. 45, reference numeral 91 designates a wall; numerals 

92 and 93 designate air spaces; numeral 94 designates a 

small opening or a slit; numeral 95 designates a nozzle; 

numeral 96 designates a porous plate; and numeral 97 

designates a sound absorbing material. 

Next, the operation thereof will be described. The 

aforementioned sound absorbing mechanism of the prior art 2 

is provided with a porous plate 96 apart from the wall 91 

with the air space 92 between. The porous plate 96 has a 

large number of small openings or slits 94, which are 

provided with nozzles 95 connected to them. Across the 

porous plate 96, the sound absorbing material 97 which is 

made of a fibrous material or a material made of a large 

number of particles is set over the whole plane at the tips 

of the nozzles 95 with the air space 93 between. In this 

connection, the air space 92, the small openings or slits 94 

and the nozzles 95 comprise sound absorbing mechanisms 

utilizing a resonance phenomenon, and the sound absorbing 

material 97 and the air spaces 93 comprise sound absorbing 

mechanisms utilizing sound absorbing materials. The 

aforementioned elements of the sound absorbing mechanisms 

utilizing a resonance phenomenon are connected to each other 

through the air space 92, and the elements of the sound 
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absorbing mechanisms utilizing sound absorbing materials are 

connected to each other through the air space 93. 

The sound absorbing mechanism of the prior art 2 has 

a sound absorption characteristic of the curved line 3 shown 

with a solid line in Fig. 46. A sound absorption 

characteristic of a sound absorbing mechanism utilizing only 

a resonance phenomenon is shown with a dotted line (curved 

line 2) in Fig. 46, which sound absorbing mechanism has 

large sound reduction effects at lower frequencies. A sound 

absorption characteristic of a sound absorbing mechanism 

utilizing only sound absorbing materials is shown with a 

dashed line (curved line 1) in Fig. 46, which sound 

absorbing mechanism has large sound reduction effects at 

higher frequencies. 

PRIOR ART 3. 

Fig. 47 is a partially cutaway perspective view 

showing the construction of a conventional sound absorbing 

mechanism as a third prior art (prior art 3}, which utilizes 

both the slits and a porous material and is shown, for 

example, at pp. 245 - 250 and pp. 351 - 356 of Kenchiku 

Onkyo Kogaku Hando Bukku (Architectural Acoustics Handbook) 

ed. by Nippon Onkyo Zairyo Kyokai (Japan Acoustical 

Materials Association} (Gihodo, Tokyo, 1963). Fig. 48 is a 

sound absorption characteristic diagram of the sound 

absorbing mechanism shown in Fig. 47. In Fig. 47, reference 

numeral 91 designates a wall; numerals 92 and 93 designate 
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air spaces; numeral 98 designates a porous material; and 

numeral 99 designates a slit plate. 

Next, the operation thereof will be described. The 

aforementioned sound absorbing mechanism of the prior art 3, 

which uses a structure utilizing slits and a porous 

material, raises the sound absorption characteristics of the 

porous material 98 and the air space 92 by means of the 

resonance phenomena of the slit plates 99 and the air spaces 

93. As shown in Fig. 48, the raised sound absorption 

characteristics are particularly effective at lower 

frequencies around 200 to 500 Hz due to the resonance 

phenomena at the slit parts. 

Since the sound absorbing mechanism of the prior art 

1 is constructed as mentioned above, the resonance frequency 

f 0 is determined in accordance with the thickness lla· of the 

back air space 11 if the sound absorbing plate 2 is 

specified. The sound absorption coefficient becomes maximum 

at the resonance frequency f 0 , and the sound absorption 

characteristic has large values in a narrow frequency band 

with the resonance frequency f 0 as a 1/3 octave band center 

frequency. Since some sound pressure distributions are 

generated in some directions on the sound absorbing plate 2 

when sound waves are input into the sound absorbing plate 2 

at angles other than a right angle, the prior art 2 has a 

problem that the interference of input sound waves is 

generated at some frequencies according to phase differences 
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to bring about the reduction of the sound absorption 

coefficient. 

Since the sound absorbing mechanism of the prior art 

2 is constructed as mentioned above so that a sound 

absorbing mechanism utilizing a resonance phenomenon to be 

generated by elements connected to each other and a sound 

absorbing mechanism utilizing sound absorbing materials 

connected to each other are combined to absorb sound waves, 

the prior art 2 has problems that some sound pressure 

distributions are generated in some directions on the sound 

absorbing material 97 when sound waves are input into the 

sound absorbing material 97 at angles other than a right 

angle similarly in the prior art 1, so that the interference 

of input sound waves is generated at some frequencies 

according to phase differences to bring about the reduction 

of the sound absorption coefficients at lower frequencies as 

shown in, for example, -Fig. 46. 

The sound absorbing mechanism of the prior art 3, 

which utilizes slits and a porous material, has a problem 

that the sound absorption coefficients at lower frequencies 

around 200 Hz to 500 Hz are large due to sound resonance 

phenomena at the slits but the sound absorption coefficients 

at higher frequencies more than 500 Hz are small. 

SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of the 

present invention to provide a sound absorbing mechanism 
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using a porous material which has a superior sound 

absorption characteristic from lower frequencies to higher 

frequencies by forming back air spaces in supporting members 

and forming resonators with hollow members. 

It is another object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by disposing plural 

reflecting members in front of a sound absorbing plate. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by disposing plural 

reflecting members in front of a sound absorbing plate and 

equipping a protecting plate having an opening. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by disposing plural 

sound absorbers composed of a thin plate of a porous 

material and a hollow member in front of a sound absorbing 

plate. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by disposing plural 
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sound absorbers, which are composed of a thin plate of a 

porous material and a hollow member, and a protecting plate 

having an opening in front of a sound absorbing plate. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by forming a sound 

absorbing plate of a porous material and equipping plural 

reflecting members. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by disposing a 

protecting plate having an opening in front of reflecting 

members. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristics from 

lower frequencies to higher frequencies by forming a sound 

absorbing plate of a porous material and equipping plural 

sound absorbers made of a thin plate of a porous material 

and a hollow member. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by disposing a 
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protecting plate having an opening in front of plural sound 

absorbers. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by forming a sound 

absorbing plate made by welding plastic particles partially. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by forming a sound 

absorbing panel by equipping a sound insulating plate at the 

back of a sound absorbing mechanism. 

It is a further object of the present invention to 

provide a sound absorbing mechanism using a porous material 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies by equipping a third 

hollow member for forming a second resonator having a third 

back air space in each inside of first hollow members. 

According to the first aspect of the present 

invention, for achieving the above-mentioned objects, there 

is provided a sound absorbing mechanism using a porous 

material which sound absorbing mechanism supports a sound 

absorbing plate made of a thin plate of a porous material 

above a sound insulator, forms separated plural first back 

air spaces by separating a space between the sound absorbing 
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plate and the sound insulator, and forms a first resonator 

having a second back air space in each first back air space. 

As stated above, the sound absorbing mechanism using 

a porous material according to the first aspect of the 

present invention improves the sound absorption 

characteristic thereof by separating the sound absorbing 

function thereof by means of the first resonators having a 

second back air space which resonators are formed in each 

separated plural first back air space formed by separating 

the space between the sound absorbing plate and the sound 

insulator, and consequently, a sound absorbing mechanism 

having a superior sound absorption characteristic from lower 

frequencies to higher frequencies can be obtained. 

According to the second aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous material which sound absorbing mechanism 

comprises plural reflecting members disposed in front of a 

sound absorbing plate with a space from the sound absorbing 

plate. 

As stated above, the sound absorbing mechanism using 

a porous material according to the second aspect of the 

present invention makes it easy to bring about a resonance 

phenomenon and improves the sound absorbing performance 

thereof by comprising plural reflecting members disposed in 

front of a sound absorbing plate with a space from the sound 

absorbing plate, and consequently, a sound absorbing 
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mechanism having a superior sound absorption characteristic 

from lower frequencies to higher frequencies can be 

obtained. 

According to the third aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous material which sound absorbing mechanism 

comprises plural reflecting members disposed in front of a 

sound absorbing plate with a space from the sound absorbing 

plate, and a protecting plate disposed in front of the 

reflecting members for fixing the reflecting members which 

protecting plate has an opening. 

As stated above, the sound absorbing mechanism using 

a porous material according to the third aspect of the 

present invention improves the sound absorbing performance 

thereof by comprising plural reflecting members disposed in 

front of a sound absorbing plate with a space from the sound 

absorbing plate and a protecting plate disposed in front of 

the·reflecting members which protecting plate has an 

opening, and consequently, a sound absorbing mechanism 

having a superior sound absorption characteristic from lower 

frequencies to higher frequencies can be obtained. 

According to the fourth aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous material which sound absorbing mechanism 

comprises plural sound absorbers composed of a thin plate of 

a porous material and a second hollow member, which sound 
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absorbers are disposed in front of a sound absorbing plate 

with a space from the sound absorbing plate. 

As stated above, the sound absorbing mechanism using 

a porous material according to the fourth aspect of the 

present invention improves the sound absorbing performance 

thereof by comprising plural sound absorbers composed of a 

thin plate of a porous material and a second hollow member, 

which sound absorbers are disposed in front of a sound 

absorbing plate with a space from the sound absorbing plate, 

and consequently, a sound absorbing mechanism having a 

superior sound absorption characteristic lower frequencies 

to higher frequencies can be obtained. 

According to the fifth aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous material which sound absorbing mechanism 

comprises plural sound absorbers composed of a thin plate of 

a porous material and a second hollow member, which sound 

absorbers are disposed in front of a sound absorbing plate 

with a space from the sound absorbing plate, and a 

protecting plate disposed in front of the sound absorbers 

for.fixing the sound· absorbers, which protecting plate has 

an opening. 

As stated above, the sound absorbing mechanism using 

a porous material according to the fifth aspect of the 

present invention improves the sound absorbing performance 

thereof by comprising plural sound absorbers composed of a 
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thin plate of a porous material and the second hollow 

member, which sound absorbers are disposed in front of a 

sound absorbing plate with a space from the sound absorbing 

plate, and a protecting plate disposed in front of the sound 

absorbers, which protecting plate has an opening, and 

consequently, a sound absorbing mechanism having a superior 

sound absorption characteristic from lower frequencies to 

higher frequencies can be obtained. 

According to the sixth aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous materia.l which sound absorbing mechanism 

comprises a sound absorbing plate made of a thin plate of a 

porous material and disposed above a sound insulator with a 

back air space between, and plural reflecting members 

disposed in front of the sound absorbing plate with a space 

from the sound absorbing plate. 

As stated above, the sound absorbing mechanism using 

a porous material according to the sixth aspect of the 

present invention improves the sound absorbing coefficients 

thereof at higher frequencies by comprising a sound 

absorbing plate made of a thin plate of a porous material 

and disposed above a sound insulator with a back air space 

between, and plural reflecting members disposed in front of 

the.sound absorbing plate with a space from the sound 

absorbing plate, and consequently, a sound absorbing 

mechanism having a superior sound absorption characteristic 
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from lower frequencies to higher frequencies can be 

obtained. 

According to the seventh aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous material which sound absorbing mechanism 

comprises a protecting plate disposed in front of reflecting 

members for fixing the reflecting members, which protecting 

plate has an opening. 

As stated above, the sound absorbing mechanism using 

a porous material according to the seventh aspect of the 

present invention improves the sound absorbing performance 

thereof by comprising a protecting plate disposed in front 

of reflecting members, which protecting plate has an 

opening, and consequently, a sound absorbing mechanism 

having a superior sound absorption characteristic from lower 

frequencies to higher frequencies can be obtained. 

According to the eighth aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous material which sound absorbing mechanism 

comprises a sound absorbing plate made of a thin plate of a 

porous material ·and disposed above a sound insulator such as 

a wall with a back air space between and plural sound 

absorbers composed of a thin plate of a porou~ material and 

a hollow member, which sound absorbers are disposed in front 

of the sound absorbing plate with a space from the sound 

absorbing plate. 
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As stated above, the sound absorbing mechanism using 

a porous material according to the eighth aspect of the 

present invention improves the sound absorbing performance 

thereof by disposing plural sound absorbers composed of a 

thin plate of a porous material and a hollow member in front 

of a sound absorbing plate with a space from the sound 

absorbing plate, and consequently, a sound absorbing 

mechanism having a superior sound absorption characteristic 

from lower frequencies to higher frequencies can be 

obtained. 

According to the ninth aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous material which sound absorbing mechanism 

comprises a protecting plate disposed in front of plural 

sound absorbers for fixing the sound absorbers, which 

protecting plate has an opening. 

As stated above, the sound absorbing mechanism using 

a porous material according to the ninth aspect of the 

present invention improves the sound absorbing performance 

thereof by disposing a protecting plate having an opening in 

front of a plural sound absorbers, and consequently, a sound 

absorbing mechanism having a superior sound absorption 

characteristic from lower frequencies to higher frequencies 

can be obtained. 

According to the tenth aspect of the present 

invention, there is provided a sound absorbing mechanism 
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using a porous material in which sound absorbing mechanism a 

sound absorbing plate is made by welding plastic particles 

partially. 

As stated above, the sound absorbing mechanism using 

a porous material according to the tenth aspect of the 

present invention uses a sound absorbing plate made by 

welding plastic particles partially, and consequently, a 

sound absorbing mechanism having a superior sound absorption 

characteristic from lower frequencies to higher frequencies 

can be obtained. 

According to the eleventh aspect of the present 

invention, there is provided a sound absorbing mechanism 

using a porous material which sound absorbing mechanism is 

formed as a sound absorbing panel by equipping a sound 

insulating plate corresponding to a sound insulator at a 

back of a sound absorbing mechanism. 

As stated above, the sound absorbing mechanism using 

a porous material according to the eleventh aspect of the 

present invention is formed as a sound absorbing panel by 

equipping a sound insulating plate corresponding to a sound 

insulator at the back of a sound absorbing mechanism, and 

consequently, a sound absorbing mechanism having a superior 

sound absorption characteristic from lower frequencies to 

higher frequencies can be obtained. 

According to the twelfth aspect of the present 

invention, there is provided a sound absorbing mechanism 
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using a porous material which sound absorbing mechanism 

comprises a third hollow member fixed to a back of a sound 

absorbing plate for forming a second resonator having a 

third back air space separated from a second back air space 

in each inside of first hollow members. 

As stated above, the sound absorbing mechanism using 

a porous material according to the twelfth aspect of the 

present invention comprises a third hollow member for 

forming a second resonator having a third back air space, 

and consequently, a sound absorbing mechanism having a 

superior sound absorption characteristic from lower 

frequencies to higher frequencies can be obtained. 

The above and further objects and novel features of 

the present invention will more fully appear from the 

following detailed description when the same is read in 

connection with the accompanying drawings. It is to be 

expressly understood, however, that the drawings are for 

purpose of illustration only and are not intended as a 

definition of the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the 

construction. of a sound absorbing mechanism using a porous 

material according to the embodiment 1 of the present 

invention; 

Fig. 2 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 
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material according to the embodiment 1 of the present 

invention, including an explanatory diagram showing a sound 

pressure distribution of a sound wave to be input into the 

sound absorbing plate thereof; 

Fig. 3 is a longitudinal sectional view showing the 

construction of a sound absorbing panel using a porous 

material according to the embodiment 2 of the present 

invention; 

Fig. 4 is a sound absorption characteristic diagram 

of a sound absorbing panel using a porous material according 

to the embodiment 2 of the present invention in conformity 

with the method for measurement of sound absorption 

coefficients in a reverberation room; 

Fig. 5 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 3 of the present 

invention; 

Fig. 6 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 3 of the present 

invention; 

Fig. 7 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 4 of the present 

invention; 

Fig. 8 is a longitudinal sectional view showing the 
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construction of a sound absorbing mechanism using a porous 

material according to the embodiment 4 of the present 

invention; 

Fig. 9 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 5 of the present 

invention; 

Fig. 10 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 6 of the present 

invention; 

Fig. 11 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 6 of the present 

invention; 

Fig. 12 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 6 of the present 

invention; 

Fig. 13 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 7 of the present 

invention; 

Fig. 14 is a sound absorption characteristic diagram 

of a sound absorbing mechanism using a porous material 

according to the embodiment 7 of the present invention in 
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conformity with the method for measurement of sound 

absorption coefficients in a reverberation room; 

Fig. 15 is a characteristic diagram showing an 

effect of a sound absorbing mechanism using a porous 

material according to the embodiment 7 of the present 

invention; 

Fig. 16 is a longitudinal sectional view showing the 

construction of a sound absorbing panel using a porous 

material according to the embodiment 8 of the present 

invention; 

Fig. 17 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 9 of the present 

invention; 

Fig. 18 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 10 of the present 

invention; 

Fig. 19 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 10 of the present 

invention; 

Fig. 20 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 11 of the present 

invention; 
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Fig. 21 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 11 of the present 

invention; 

Fig. 22 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 12 of the present 

invention; 

Fig. 23 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 12 of the present 

invention; 

Fig. 24 is a longitudinal sectional view showing the 

construction of a sound absorbing panel using a porous 

material according to the embodiment 13 of the present 

invention; 

Fig. 25 is a sound absorption characteristic diagram 

of a sound absorbing panel using a porous material according 

to the embodiment 13 of the present invention in conformity 

with the method for measurement of sound absorption 

coefficients in a reverberation room; 

Fig. 26 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 14 of the present 

invention; 

Fig. 27 is a longitudinal sectional view showing the 
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construction of a sound absorbing mechanism using a porous 

material according to the embodiment 14 of the present 

invention; 

Fig. 28 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 14 of the present 

invention; 

Fig. 29 is a longitudinal sectional view showing the 

construction of an increased sound absorber of a sound 

absorbing mechanism using a porous material according to the 

embodiment 15 of·· the present invention; 

Fig. 30 is a longitudinal sectional view showing the 

construction of an increased sound absorber of a sound 

absorbing mechanism using a porous material according to the 

embodiment 15 of the present invention; 

Fig. 31 is a longitudinal sectional view showing the 

construction of an increased sound absorber of a sound 

absorbing mechanism using a porous material according to the 

embodiment 15 of the present invention; 

Fig. 32 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 16 of the present 

invention; 

Fig. 33 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 16 of the present 
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invention; 

Fig. 34 is a sound absorption characteristic diagram 

of a sound absorbing mechanism using a porous material 

according to the embodiment 16 of the present invention in 

conformity with the method for measurement of sound 

absorption coefficients in a reverberation room; 

Fig. 35 is a characteristic diagram showing an 

effect of a sound absorbing mechanism using a porous 

material according to the embodiment 16 of the present 

invention; 

Fig. 36 is a longitudinal sectional view showing the 

construction of a sound absorbing panel using a porous 

material according to the embodiment 17 of the present 

invention; 

Fig. 37 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 18 of the present 

invention; 

Fig. 38 is a longitudinal sectional view showing the 

construction of a·sound absorbing mechanism using a porous 

material according to the embodiment 18 of the present 

invention; 

Fig. 39 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 18 of the present 

invention; 
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Fig. 40 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 18 of the present 

invention; 

Fig. 41 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 19 of the present 

invention; 

Fig. 42 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 20 of the present 

invention; 

Fig. 43 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to the embodiment 20 of the present 

invention; 

Fig. 44 is a longitudinal sectional view showing the 

construction of a conventional sound absorbing mechanism 

using a porous material, including an explanatory diagram 

showing a sound pressure distribution of a sound wave to be 

input into the sound absorbing plate thereof; 

Fig. 45 is a longitudinal sectional view showing the 

construction of a conventional sound absorbing mechanism 

utilizing a sound absorbing material and a resonance 

phenomenon by combining them; 

Fig. 46 is a sound absorption characteristic diagram 
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of the conventional sound absorbing mechanism utilizing a 

sound absorbing material and a resonance phenomenon by 

combining them; 

Fig. 47 is a partially cutaway perspective view 

showing the construction of a conventional sound absorbing 

mechanism utilizing both slits and a porous material; and 

Fig. 48 is a sound absorption characteristic diagram 

of the conventional sound absorbing mechanism utilizing both 

slits and a porous material. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Pref erred embodiments of the present invention will 

now be described in detail with reference to the 

accompanying drawings. 

EMBODIMENT 1. 

Fig. 1 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to a first embodiment (embodiment 1) of 

the present invention; and Fig. 2 is a longitudinal 

sectional view showing the construction of a sound absorbing 

mechanism using a porous material shown in Fig. 1, including 

an explanatory diagram showing a· sound pressure distribution 

of a sound wave to be input into the sound absorbing plate 

thereof. In Figs. 1 and 2, reference numeral 1 designates a 

sound insulator such as a wall. Reference numeral 2 

designates a sound absorbing plate made of a thin plate of a 

porous material, which is made of plastic particles, a 
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ceramic, foam metal or the like. A porous material made by 

heating and welding plastic particles partially, which 

porous material has a high sound absorption effect 

exceptionally, is disclosed in Japanese Published Unexamined 

Patent Application of No. 289333 I 1990 (Tokkai-Hei 2-

289333} having been filed by the same assignee as that of 

the present invention. The porous material disclosed in the 

publication is hereby incorporated in the present invention 

by reference. The porous material which has a density 

gradient in the thickness direction thereof has furthermore 

superior sound absorption ef~fect. It is desirable that 

porous materials to be used in the present invention should 

have mechanical strength for forming the sound absorbing 

mechanism. Reference numerals 11 and 12 designate back air 

spaces of the sound absorbing plate 2; and numerals lla and 

12a designate respective thicknesses of the back air spaces 

11 and 12. Reference numerals 20a and 20b designate 

latticed supporting members for supporting the sound 

absorbing plate 2 above the sound insulator 1 with the space 

of the thickness lla of the back air space 11. The 

supporting members 20a and 20b separates the space between 

the sound insulator 1 and the sound absorbing plate 2 into a 

lattice to form plural separated back air spaces 11. 

Reference numeral 30a designates hollow members fixed to the 

back of the sound absorbing plate 2 for forming separated 

back air spaces 12 thinner than the back air spaces 11 in 
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each of the plural back air spaces 11. The hollow members 

30a and the sound absorbing plate 2 constitute plural 

separated resonators 30. Reference numeral 81 designates an 

input sound into a back air space 11; and numeral 82 

designates an input sound into a back air space 12. 

Reference character P designates an average input angle of 

the input sounds 81 and 82; and character A designates a 

wavelength of the input sound 81 or 82. In the explanatory 

diagram of Fig. 2, which shows the sound pressure 

distribution, mark + designates the operation of positive 

pressure on the sound absorbing plate 2; and mark -

designates the operation of negative pressure on the sound 

absorbing plate 2. Arrow 85 of Fig. 2 designates a positive 

pressure of an input sound wave operating on the back air 

space 11 or 12 through the sound absorbing plate 2; and 

arrow 86 designates a negative pressure of an input sound 

wave operating on the back air space 11 or 12 through the 

sound absorbing plate 2. 

Such materials as polypropylene resin, polyvinyl 

chloride resin, ABS resin and polycarbonate resin can be 

used as the material of the sound absorbing plate 2. Since 

the sound absorbing plate 2 is supported by the supporting 

members 20a and 20b, the strength of the sound absorbing 

plate 2 is increased. 

Next, the operation thereof will be described. The 

principle of sound absorption of the sound absorbing 



-30-

mechanism is expressed by means of the acoustic equivalent 

circuit of the sound absorbing plate 2 and the back air 

spaces 11 similarly in the prior art 1. The sound absorbing 

plate 2 corresponds to acoustic mass m and acoustic 

resistance r, and the back air spaces 11 corresponds to 

acoustic capacity c. They form a series resonance circuit 

of r - m - c. The resonance frequency f 0 thereof is 

determined in conformity with the aforementioned formula (1) 

in the prior art 1. 

The resonance frequency f 0 o·f the input sound 81 is 

determined mainly in accordance with the thickness lla of 

the back air spaces 11 if the sound absorbing plate 2 is 

specified. The resonance frequency f 0 of the input sound 82 

is also determined mainly in accordance with the thickness 

12a·of the back air space 12. The sound absorption 

coefficients respectively become maximum at the resonance 

frequencies f 0 of· them. Since each sound absorbing mechanism 

is independent of the other, the total sound absorption 

characteristic is the sum of respective sound absorption 

characteristics, and the sound .. absorption coefficients 

thereof are consequently improved from lower frequencies to 

higher frequencies as compared with those of the prior arts. 

In the aforementioned sound absorption mechanism, it 

is known that the efficiency of sound absorption is highest 

in the case where the input sound 81 is input into the sound 

absorption plate 2 perpendicularly. That is to say, in the 
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case where a sound wave is input perpendicularly, the phase 

relations of the sound wave on the top surface of the sound 

absorbing plate 2 are equal at any place on the top surface, 

and the whole of the sound absorbing plate 2 and the whole 

of the back air spaces 11 or 12 are consequently unified, so 

that the effective operation of resonance and sound 

absorption is performed. · On the other hand, the case where 

the input sound 81 is input into the sound absorbing plate 2 

not perpe.ndicularly but at· a certain input angle (3 will be 

considered as an ordinary case. As shown i~ Fig. 2, when a 

sound wave having a wavelength )\ is. input into the sound 

absorbing plate 2· at an input angle (3, a phase difference 

having a period of )\ I cos{(3) of sound pressure distribution 

is generated on the sound absorbing plate 2. In the sound 

absorption mechanism to be described here, a sound wave is 

basically absorbed by utilizing a resonance phenomenon. lf 

a phase difference of sound pressure is generated along a 

direction on a surface ·of the sound absorbing plate 2, ·the 

efficiency of sound absorption is reduced due to the phase 

difference in t.he case where back air spaces are connected 

at the backside of the sound absorbing plate 2 as in the 

prior arts 1 and 2. But, the back air spaces 11 are 

separated from each other by the supporting members 20a, 

20b, and the back air spaces 12 are separated from the.back 

air spaces 11, and then from each other, by the resonators 

30 and the supporting members 20b, respectively, in the 
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present embodiment. Consequently, each back air space 11 

and each back air space 12 respectively operates 

independe.ntly, and thereby· it becomes· easy to generate 

resonance phenomena, which brings about· the _improvement of 

the sound absorption performance thereof. Since the 

interference of sound waves due to phase differences is t.hus 

little, the present sound absorbing mechanism has larger 

sound absorption coef·ficients as compared with those of the 

prior arts. 

In Figs. 1 and 2, the embodi.ment 1 has latticed 

supporting members 20a and 20b, but the present invention 

comprises the use of the supporting members 20a alone or the 

supporting members 20b alone. By such usage·, a part of the 

effects of the present embodiment can be obt_ain~d. 

EMBODIMENT 2. 

Fig. 3 is· a longitudinal sectional view showing the 

construction of a sound absorbing panel using a hard porous 

material according to a second embodiment (embodiment 2) of 

the present invention; and Fig. 4 is a sound absorption 

characteristic diagram in conformity with the method for 

measurement of sound absorption coefficients in a 

reverberation room. In Fig. 3, reference numeral la 

designate.s a sound insulating plate also serving as a 

housing of the .sound absorbing panel, which _sound absorbing 

plate la corresponds to an insulator i;:1uch as a wall.· 

Reference numeral· 4 designates a protecting plate made of. a 
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punching metal or the like, which protecting plate 4 has at 

least one opening and is fixed to the insulating plate 1a so 

as to cover the opened part of the sound insulating plate 

1a. 

Next, the operation ·thereof will be described~ The 

sourid absorbing panel is constructed by forming, for 

example, a galvanized steel plate having the thickness of 

1.6 mm into a box sized to be about 500. mm x 1960 mm x SO mm 

as the sound insulating plate ia, and by placing the sound 

absorbing plate 2 having the thickness of about 3.5 mm in 

the box so that the thickness 11a of the back air spaces 11 

becomes about 35 mm, to which sound absorbing plate 2 

resonators 30 are fixed so that the thickness 12a of the 

back air spaces 12 bec_omes about 9 mm. And then, an 

aluminum plate having the thickness of 0.8 mm and the·rate 

of opened area of ·ss % is f ixeq to the sound insulating 

plate la as the protecting plate 4. The sound absorption 

characteristic 'of the sound absorbing panel thus constructed 

has larger sound absorption coefficients at higher 

frequencies as compared to those of the prior art 1, and is 

totally improved at a wider frequency band, as shown in Fig. 

4. According to the results of some experiments, the sound 

absorption coefficients thereof are furthermore improved at 

the thickness 12a of the back air space 12 being about 15 

mm. 

EMBODIMENT 3 . · 
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Fig. 5 is a perspective view showing the 

construction of. a sound absorbing mechanism using a porous 

material according to.a third embodiment (embodiment 3) of 

the present invention; and Fig. 6 is a longitudinal 

sectional view showing the sound absorbing mechanism using a 

porous material of Fig. 5. In Figs. 5 and 6, reference 

numeral 13 designates back air spaces_ of the sound absorbing 

plate 2; and numeral 13a designates the thickness of the 

back air spaces 13. Reference numeral 31 designates 

resonat9rs fixed ~o the back of the sound absorbing plate 2 

in the resonators 30 with the space of the thickness 13a of 

the back air spaces 13; and numeral 31a designates hollow 

members for furthermore . forming resonators 3·1 in the hollow 

members 30a.· These resonators 30 and 31 are disposed so as 

to be parallel to the supporting members 20a and 

perpendicular to the supporting members 20b. Reference 

numeral 83 designates an input sound into a back air space 

13. 

Ne~t, the operation ·thereof will be described. The 

resonance frequency f 0 of the input sound 83 is determined in 

accordance with the thickness 13a of the back air spaces 13. 

The sound absor.ption coefficients respectively become 

maximum when the frequencies of the input sounds 81, 82 and 

83 are equal· to the respective resonance frequencies fo of 

the back air spaces 11, 12 and 13. Since e_ach of the three 

sound absorbing mechanisms are independent of each other, 
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the total sound absorption characteristic is the sum of 

respective sound absorption characteristics, and the sound 

absorption coefficients thereof are consequently furthermore 

improved even if they are compared with those of the 

embodiment l.· Since, the back air spaces 11 are separated 

from each other by the supporting members 20.a, 20b, and the 

back air spaces 12 are separated from the back air spaces 

11, and then from each other, by .the resonators 30 ~nd the 

supporting members·2ob, and furthermore the back air spaces 

13 are separated. from the back air spaces 12, and then from 

the back air spaces 11 and each other, by the resonators 31 

and ~he supporting members 20b, respectively, each back air 

space 11, 12 and 13 respectively op~rates independently, and 

thereby it becomes easy to generate resonance phenomena, 

which brings about the .improvement of the sound absorption 

performance thereof. Since the interference. of sound waves 

due to phase. differences is thus little·, the present sound 

absorbing mechanism has larger· sound absorption coe:eficients 

as compared with ·those of the prior arts 1 and 2. 

In Figs. 5 and 6, the embodiment 3 has latticed 

supporting members 20.a and 20b, but the present invention 

comprises the use of the supporting members 20a alone or the 

supporting members 20b alone. By such usage, a part of the 

effects of the present embodiment can be obtained. 

EMBODIMENT 4. 

Fig. 7 is a perspective view showing. the 
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construction of· a sound absorbing mechanism using a porous 

material according to a fourth embodiment (embodiment 4) of 

the present ·inve~t:i.on; and Fig. 8 is a longitudinal 

sectional view showing the sound absorbing mechanism using a 

porous material of Fig. 7. In Figs. 7 and 8, reference 

numeral 1 designates a sound insulator such as a wall. 

Reference numeral 2 is a sound absorbing plate similar to 

that of the embodiment 1. Reference numeral 11 designates a 

back air space of the sound absorbing plate 2;. and numeral 

lla designates the thickness of the back air space 11 . 

. Reference numeral 40 designates plu~al·~eflecting members 

disposed in front of the sound absorbing plate 2 so as to be 

opposed to the sound absorbing plate 2 with a space. 

Reference numeral 80 designates input sounds into the back 

air space 11, which input sounds 80 having evaded the 

reflecting members 40; numeral 81 designates an input sound 

into the back air space 11; and numeral 81a designates a re­

input sound into the back air space 11 which re-input sound 

81a is the input sound 81 having been reflected by the sound 

absorbing plate 2 and a reflecting member 40. 

Such materials as polypropylene.resin, polyvinyl 

chloride resin, ABS resin and polycarbonate resin can be 

used as the mate~ials of the reflecting members 40. The 

shapes of the reflecting members 40 .may be a hollowed pipe 

or a solid rod. 

Next, the operation thereof will be described. The 
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resonance frequency £0 of the back air space 11 is determined 

in accordance with the thickness 11a thereof. Sound 

absorption· coefficients become maximum when the frequencies 

of the input sounds 80 and 81 are equal to the respective 
. . 

resonance freqU;encies f 0 • · Many sounds do not pass through 

the sound absorbing plate 2 but. are reflected oh the surface 

thereof in the case where the sound absorbing coef f ici-ent 

thereof is small. Accordingly, when the reflecting members 

40 are placed so as to be opposed to the sound absorbing 

plate 2, the reflected sounds are reflected by the 

reflecting members 40 again and are input into the sound 

absorbing plate 2 to be absorbed by.it. Because sounds 

having a shorter wavelength become re-input sounds 81a more 

efficiently, the sound absorption coefficients at 

frequencies higher than the resonance frequency f 0 are 

increased, and thereby sound absorption coefficients can be 

improved from lower frequencies to higher frequencies as 

compared with those of the prior arts. 

Because the re-input sounds 81a have propagation 

paths longer than those of the input sounds 81, their phases 

are shifted. Consequently, resonance phenomena are 

reinforced at some frequencies, which brings about the 

increase of sound _absorption coefficients. 

The input sounds 80 are essentially reflected on the 

top surfa·ces of. the reflecting members 40, but some sound 

waves of them a:re pulled into the spaces between the 
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reflecting members 40 owing to·the phenomena such as 

diffraction. Because the impedance of them is matched and 

their input angles become close to be perpendicular, they 

are absorbed efficiently. 

EMBOPIMENT 5. 

Fig. 9 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to a fifth embodiment (embodiment 5) of 

the prese_nt invention. Iri. Fig. 5, reference. numeral 41 

designates plu:r::al reflecting members disposed in front of 

the sound absorbing plate 2 with .a space from the sound 

absorbing plate 2. and having a sectional form of an inverted 

trapezoid. Because the reflecting members 41 can utilize 

also the side surfaces of them to reflect sound waves, re,... 

input sounds 8la can be obtained more efficiently. 

Consequently, the sound absorption ~oefficients at 

frequencies higher than the resonance frequency f 0 are. 

increased, and thereby sound absorption coefficients can be 

improved from lower frequencies to higher frequencies as 

·compared with those of the prior art l.· 

EMBODIMENT 6. 

Fig. 10 is a-perspective view showing the 

construction of a sound absorbing mechanism us~ng a porous 

material according to a sixth embodiment (embodiment 6) of 

the present invention; and Figs. ll and 12 are longitudinal 

sectional views showing the construction of the sound 
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absorbing mechanism using a porous material shown in Fig. 

10. In Figs. 10, 11 and 12, r~ference numeral 1 designates 

a sound insulator such as a wall. Reference numeral 2 

.designates a sound absorbing pl~te similar to that of the 

embodiment 1. Reference numerals 11 and 12 designate back 

air spaces of the sound absorbing plate 2; and numerals lla 

and 12a designate the respective thicknesses of the back air 

spaces 11 and 12. Reference numerals 20a and 20b designate 

latticed supporting members for supporting the sound 

absorbing plate 2 so as to be opposed to the sound insulator 

1 with the space of the thickness 11a of the back air spaces 

11. ·.Reference numeral 30 designates resonators fixed to the 

insulator 1 side of the sound absorbing plate 2 with the 

space of the thickness. 12a of the.back.air spaces 12; 

numeral 30a designates hollow members for forming the 

resonators 30. The resonators 30 are disposed so as to be 

parallel to the supporting members 20a and perpendicular to 

the supporting members 20b. Reference numeral 40 designates 

plural reflecting members disposed in front of the sound 

ab~orbing plate.2 so as to be opposed to the sound absorbing 

plate 2 with a space and parallel to the resonators 30. 

Reference numeral 81 designates an input sound into a back 

air space 11; numeral Sla designates a re-input sound into a 

back air space ·11 which re-input sound Bla is the input 

sound 81 having been reflected by the sound absorbing plate 

2 and a reflecting.member 40; numeral 81b designates a re-
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input sound into a back air space 12 which re-input sound 

81b is the input sound 81 having been reflected by the sound 

absorbing plate 2 and a reflecting member 40; numeral 82 

designates. an input sound into a back air space 12; and 

numeral 82b designates a re-input sound into a back air 

space 11 which re-.input sound 82b is the input sound 82 

having been reflected by the sound absorbing plate 2 and a 

reflecting member 40. 

Such ma.terials as polypropylene resin, polyvinyl 

chloride resin, ABS resin and polycarbonate resin can be 

used as the materials of the reflecting members 40. Since 

the sound absorbing plate 2 is supported by the supporting 

members 20a and 20b, the strength of the sound absorbing 

plate 2 is increased. The shapes of the reflecting members 

40 may be a hollowed pipe or a solid rod . 

. Next, _the operation thereof will be described. The 

resonance frequency f 0 of the input sound 81 is determined 

mainly in accordance with the thickness lla of the back air 

spaces 11. The resonance frequency f 0 of the input sound 82 

is also dete·rmined mainly in accordance with the thickness 

12a of the back air spaces 12. The sound absorption 

coefficients respectively become maximum at the resonance 

frequencies f 0 of them. Since each sound absorbing mechanism 

is indepen¢ient of the other, the total sound absorption 

characteristic is the sum of respective sound absorption 

characteristics. .Since the back air spaces 11 are separated 
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by the supporting members 20a and 20b and the back air 

spaces 12. are separated by.the resonators 30· and the 

supporting members 20b respectively, each back air space 11 

and each back air space 12 respectively operate 

independently as described in the embodiment 1, and thereby 

it becomes easy to generate resonance phenomena, which 

brings about the improvement of the sound absorption 

performance thereof. Since the interference of sound waves 

due to phase differendes is thus little, the present sound 

absorbing mechanism has larger sound absorption coefficients 

as compared with those of the prior arts 1 and 2. 

Furthermore, many sounds do not pass through the sound 

absorbing _plate 2 but are reflected on the surf ace thereof 

in the case where the sound absorbing coefficient thereof is 

small. Accordingly, when the reflecting members 40 are 

placed so as to be opposed to the sound absorbing plate 2, 

the reflected sounds ·are reflected by the reflecting members 

40 again and are input into the sound absorbing plate 2 as 

the re-input sounds Sia, Blb and 82b to be absorbed by it. 

Because sounds having a shorter wavelength become re-input 

sounds Sla, 81b and 82b more efficiently, the sound 

absorption coefficients at· frequencies highe·r than the 

resonance frequency f 0 are· increased, and thereby sound 

absorption coefficients can be improved from lower 

frequencies to higher frequencies as compared with those ·of 

the prior arts 1 to 3. 
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In Figs. 10, 11 and 12, the embodiment 6 has 

latticed supporting members 20a and 20b, but the present 

invention comprises the use of the supporting members 20a 

alone or the supporting members 20b alone. By such usage, a 

part of the effects of .the present embodiment can be 

obtained. 

EMBOD·IMENT 7 . 

Fig. 13 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material accordipg to a seventh embodiment (embodiment 7) of 

the present invention; Fig. 14 is a sound absorption 

characteristic diagram in conformity with the method for 

measurement of sound absorption coefficients in a 

reverberation room; and F~g. 15 is a characteristic diagram 

showing an effect of the reflecting members 40. Fig. 15 

shows the ratios of the sound absorption coefficients in the 

case where t~e sound absorbing mechanism shown in Fig. 13 is 

equipped with the reflecting members 40 to the sound 

absorption coefficients in the case where the sound 

absorbing mechanism is not equipped with the reflecting 

members 40. The reflecting members 40 are opposed to the 

top surface of the sound absorbing plate 2, and disposed to 

be crossed.with the resonators 30 perpendicularly. The 

dispositions of the reflecting members 40 shown in Figs. 10 

to 13 also bring about .the sound absorption effects shown in 

Figs. 14 and 15 basically. The di.rections of the 
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dispositions of the reflecting members 40 to the resonators 

30 are not limited to the shown perpendicular and parallel 

directions, but they may be arbitrary. And, similar sound 

absorption effects can be obtained in the a.rbitrary 

direction dispositions. 

Next, the operation thereof will be described. The 

sound absorbing mechanism is constructed by placing, for 

example, a sound absorbing plate 2 having the thickness of 

3.5 mm so that the thickness lla of the back air spaces 11 

becomes about 35 mm, to which sound absorbing plate 2 hollow 

members 30a are fixed so that the thickness 12a of the back . 

air spaces 12 becomes· about 9 mm for forming the resonators 

30. And then, squ~re pipes made from ABS resin and having 

the width of about 33 mm and the height of about 15 mm are 

disposed with the space of about· 10 mm from the sound 

absorbing plate 2 as the reflecting members 40. The sound 

absorption, characteristic of the sound absorbing mechanism 

thus constructed is improved in the sound absorption 

coefficients at frequencies higher than about 1.5 kilo-Hz 

owing to the effect of reflection and at frequencies lower 

than about, 600 Hz owing to the effect of slit resonation 

phenomena as compared to the sound absorption characteristic 

in case of having :i:io reflecting members, and the forme.r is 

totally improved at a wider frequency band, as shown in 

Figs. 14 and 15. According to the results of some 

experiments, sound absorption coefficients are furthermore 
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improved at the thickness 12a of the back air spaces 12 

being about 15 mm and at the space between the reflecting 

members 40 and the sound absorbing plate 2 being 15 mm. 

EMBODIMENT 8. 

Fig. 16. is a longitudinal sect~onal view showing the 

construction· of a sound absorbing panel using a porous 

material according to a eighth etribodiment (embodimerit 8) of 

the pre~ent invention. In Fig. 16, reference numeral la 

designates a sound insulating plate also serving as a 

housing of the sound absorbing panel. Reference numeral 4 

designates a protecting plate made of a punching metal or 

the like, which protecting plate 4 has at least one opening 

and is fixed to the insulating plate la so as to cover the 

opened part of the sound insulating plate la. Reference 

numeral 2·1a des.ignates a supporting· member for disposing the 

reflecting members 40. The directions of the reflecting 

members 40.may be parallel or perpendicular to the 

resonators 30. This sound absorbing panel has the same 

effects as those of the embodiments 6 and 7. 

EMBODIMENT 9. 

Fig. 17 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

material according to a ninth embodiment (embodiment 9) of 

the present invention. In Fig. 17, reference numeral 1 

designates a so.und insulator such as a wall.· Reference 

numeral 2 designates a sound absorbing plate similar to that 
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of .the embodiment l; and numeral 4 de~ignates a protecting 

plate made of a punching metal or the like, which protect.ing 

plate 4 has at least one opening and is disposed so as to be 

opposed to the top surface of the sound absorbing plate 2. 

Ref e~ence numeral 11 designates the back air space of the 

sound absorbing.plate ·2; and numeral lla designates the 

thickness of the back air· space 11. Reference numeral 42 

designates plural reflecting members fixed to the protecting · 

plate 4 a.nd disposed in front of the sound absorbing plate 2 

·with a space. from the sound absorbing plate 2 .. Reference 

numeral 81 designates an input·sound into the back air space 

11; and numeral Sla designates a re-input sound into the 

back air spa~e l·l which re-input sound 81a is the input 

sound 81 having been reflected by the sound absorbing plate 

2 an(i a reflecting member 42; 

Such materials· as polypropyl.ene resin, polyvinyl 

chloride resin, ABS resin· and polycarbonate resin can.be 

used as the material of the·sotind absorbing plate 2. The 

shapes of. the reflecting members 42 may be a hollowed pipe 

or a ·sol id rod. 

Next, the operation thereof will be described. The 

resonance frequency f 0 of the input sound 81 is determine<;!. in 

accordance with the thickness lla of the back air space 11. 

Sound absorption coef.f icients become maximum at the 

resonance frequency f 0 • Many sounds do not pass through the 

sound absorbing plate 2 but are reflected on the surf ace 
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thereof in the case where· the sound absorbing coefficient 

thereof is small. Accordingly,· when the reflecting members 

42 are pl_aced so as to be opposed to the sound absorbing 

·plate 2, the. r~flected sound is ·reflected by a reflecting 

member 42 again and is input into the_ sound absorbing plate 

2 as the re-input· sound Bla to be absorbed by it. Becaus.e 

sounds havins a shorter wavelength become re-input sounds 

Bla more efficiently, the sound absorption coefficients at 

frequencies higher than the resonance frequency f 0 are 

increased, and thereby sound absorp~ion coefficients can be 

improved from lower frequencies to higher frequencies as 

compared with those of the prior art 1. Besides, the damage 

of the so.und absorbing plate 2 can be prevented by the 

protecting plat_e 4. Since the reflecting members 42 are 

fixed to the protecting plate 4 in adyance, the efficiency 

of fitting~operation of the protecting plate 4 at fitting 

sites is high. The reflecting members 42 serves also as a 

reinforcement material of the protecting plate 4. 

EMBODIMENT 10. 

Fig. 18 is a perspective vie.w showing the 

construction of a sound absorbing mechanism using a porous 

material according to a tenth embodiment (embodiment 10) of 

the prese.nt invention; and· Fig. 19 is a longitudinal 

sectional view _showing the sound absorb1ng mech~nism using a 

porous material shown in Fig. 18. In Figs. 18 and 19, 

reference numeral- 4 designates a protecting plate made of a 
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punching metal or the like, which protecting plate 4 -is 

formed by bending its portions corresponding to the 

reflecting members 42 described in the embodiment 9 and has 

openings in the.portions other than the portions . . 

corresponding to the ref l~cting members 4.2 and furthermore 

is disposed so as to be opposed to the top surf ace of the 

sound absorbing plate 2. 

The sound absorbing mec~anism thus constructed has 

also the same effects as those.of the embodiment 9. 

EMBODIMENT 11. 

·Fig. 20 is a perspective view showing the 

construction of a sound absorbing mechanism using a porous 

material according to a eleventh embodiment (embodiment 11} 

of the present invention; and Fig. 21 is a longitudinal 

sectional view showing the sound absorbing mechanism using a 

porous material of Fig. 20. In Figs. 20 and 21, reference 

numeral 1 designates a sound insulator such as a wall . 

. Reference numeral 2 designates a sound absorbing plate 

similar to that of the embodiment .1; and reference numeral 4 

designates a protecting plate made of a punching metal or 

the like, which protecting plate has openings and is 

disposed in frortt of the sound absorbing plate 2. Reference 

numerals 11 and 12 designate back air spaces of the sound 

absorbing plate 2; and numerals 1la and 12a designate 

respective thicknesses of_ the back air spaces 11 and 12. 

Reference numerals 20a and 20b designate latticed supporting . 
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members for supporting the sound absorbing plate 2 so as to 

be opposed to t.he sound insulator 1 above the sound 

insulator 1 with the space of the thickness ·11a of the back 

air spaces 1·1. Reference numeral 3 O designates resonators 

equipped to the insulator 1 side of the sound absorbing 

plate 2 with the space of the thickness 12a of the back air 

spaces 12; and numeral 30a designates hollow members for 

forming the resonators 30. The resonators 30 are disposed 

so as to be parallel to the .supporting members 20a and 

perpendicular to the supporting members 20b. Reference 

numeral 42 designates plural reflecting members fixed to the 

protecting plate 4, and disposed so as.to be opposed to the. 

sound absorbing plate 2 and parallel to the resonators 30. 
- . 

Reference numeral 81 designates an input sound into a back 

air space 11; numeral 8lb designates a re-input sound into a 

back air space 12 which re-input sound 81b is the input 

sound 81 having been reflected by the sound absorbing plate 

2 and a reflecting member 42; numeral 82 designates an input 

sound into a back air space -12; and numeral 82b designates a 

re-input sound into a back air space 11 which re-input sound 

82b is the input sound 82 having been reflected by the sound 

absorbing plate 2 and a reflecting member 42. 

Such materials as.polypropylene resin, polyvinyl 

chloride res·in, ABS resin and polycarbonate resin can be 

used as.the material of the sound absorbing plate 2. Since 

the sound absorbing plate 2 is supported by the supporting 
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members 20a and 20b, the strength of the sound absorbing 

plate 2 is increaseQ. The shapes of the reflecting members 

42·may be a hollowed pipe or a solid rod. 

Next, the operation thereof will be described. The 

resonance frequency £0 of the input sound 81 is determined 

mainly in accordance with the thickness lla of the back air 

spaces 11. The. resonance. frequency f 0 of th~ input sound 82 

is. also dete_rmined mainly in accordance with the thickness 

12a of the back air spaces 12. Sound absorption 

coefficients respectively become maxi.mum at the resonance 

frequencies f 0 of them. Since each sound absorbing mechanism 

is independent of the other, the total sound absorption 

characteristic is the ·sum of the respective sound absorptfon 

characteristics. Since the·back air spaces 11 are separat~d 

by the supporting members 20a and 20b and the back air 

spaces 12 are separated by the resonators 30· and the 

supporting members 20b respectively, each back air space 11 

and each back air space 12 respectively operate 

independently as described in the embodiment 1, and thereby 

it becomes easy to generate resonance phenomena, which 

brings about the improvement of the sound absorption 

performance thereof. Since the interference of sound waves 

due to phase differences is thus little, the present sound 

absorbing mechanism has larger sound absorption coefficients 

as compared with those of the prior arts 1 and 2. 

Furthermore, many sounds do not pass through the sound 
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· absorbing pl~te 2 but are reflected on the surface thereof 

in the case where the sound absorbing coefficient thereof is 

small, as described in the embodiment 2. Accordingly, when 

the reflecting members 42 are placed so as to be opposed to 

the sound absorbing P.late 2, the reflected sounds are 

reflected by the reflecting members 42 again and are input 

into the sound absorbing plate 2 as the re-input sounds 81b 

and 82b to be absorbed by. it. Because sounds having a 
shorter wavelength become re-input sounds·s1a and 82b more 

·efficiently, sound absorption coefficients a.t frequencies 

·higher than the resonance frequency f 0 are increased, and 

thereby sound absorption coefficients can be improv~d from 

lower frequencies. to higher frequencies as compared with 

those of the prior arts 1 to 3. Besides, the damage of the 

sound absorbing plate 2 can be preyented by the protecting 

plate 4. Since the reflecting members 42 are fixed to the 

protecting.plate 4 in advance, the reflecting members 42 

also serves as reinforcement materials of the protecting 

plate 4, and the e·fficiency of fitting operation of the 

protecting plate 4 at fitting sites is high. 

In Figs. 20 and 21, the .embodiment 11 has latticed 

supporting members 20a and 20b, but the present invention 

comprises the use. of the supporting members 20a alone or the 

supporting members 20b alone.. By such usage, a part of the 

effects of the present embodiment qan be obtained. The 

similar effects can be expected in the case where the 
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reflecting_ members 42 are disposed perpendicularly to the 

resonators 30. 

EMBODIMENT 12. 

Fig. 22 is a perspective view showing the 

construction of. a sound absorbing mechanism using a porous 

material according to a twelfth embodiment (embodiment 12) 

of the present invention; and Fig. 23.is a longitudinal 

sectional view showing the sound absorbing _mechanism using a 

porous material shown in Fig. 22. Iri Figs. 22 and 23, 

reference numeral 43 designates· plural reflecting members 

fixed to t~e protecting plate 4 and disposed so .that the 

sound absorbing plate 2 is put between the reflecting. 

members 43 and the supporting members 20a or 20b. Reference 

numeral Bla designates a re-input sound into a back air 

space 11 which .re-input sound Blais the input sound a1· 

having been reflected by the sound absorbing plate 2 and 

reflecting members 43. 

Since the sound absorbing mechanism using a porous 

material of the embodiment 12 is thus constructed, it can 

improve sound absorption coefficients similarly in the 

embodiment. 11, and it can not only prevent the damage of the 

sound absorbing plate 2 but ·also increase the strength of 

the sound absorbing plate 2. 

EMBODIMENT 13. 

Fig. 24· is a longitudinal sectiona.l view showing the 

construction of a sound absorbing panel using a porous 
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material according to a thirteenth embodiment (embodiment 

13) of the present invention; and Fig. 25 is a sound 

absorption characteristic diagram in conformity with the 

method for measurement of sound absorption coef f icienti;i in a 

reverberation room. In Fig. 24, reference numeral la 

designates a sound ins.ulating plate -also serving as a 

housing of the sound absorbing panel. Reference numeral 4 

designates a protecting plate made of a punching metal.or 

the like, which protecting· plate 4 has at le·ast one opening 

and is fixed· to the sound insulating plate 1a so as to cover 

the opened part of the. sound insulating plate la. Ref.erence 

numeral 42 designates plural reflecting members fixed to ·the 

protecting plate 4· and disposed so as to be opposed to the 

sound absorbing plate 2. The reflecting members 42 ar~ 

disposed to be perpendicular to the resonators 30. 

Next, the oper.ation thereof will be described. 

Since the back air spaces· 11 are separated by the supporting 

members 20a and 20b and the back air spaces 12 are separated 

by the hollow members 30a and the supporting members 20b 

respectively, each back air space 11 and each back air space 

12 respecti v_ely operate independently. as described in the 

embodiment 1, and thereby it becomes easy to generate 

resonance phenomena, which brings about the improvement of 

the sound absorption performance thereof. Since the 

interference of sound w~ves due to phase differences is thu~ 

little, the present sound absorbing-panel has larger sound 
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absorption coefficients as compared with those of the prior 

arts 1 and 2. Furthermore, many sounds do not pass through 

the sound absorbing plate 2 but are reflected on the surf ace 

thereof in the ·case where the sound absorbing coefficient 

thereof is small. Accordingly, when the reflecting members 

42 are placed so a~ to be opposed to the sound absorbing 

plate 2 ·, the reflected sounds are reflected by the 

reflecting members 42 again and are input into the sound 

absorbing plate 2 again to be absorbed by it. Because 

sounds having a shorte.r wavelength are input more 

efficiently, sound absorption coefficients at frequencies 

higher than the resonance frequency f 0 are increased, and 

thereby sound absorption coefficients can be improved from 

_lower. frequenci·es to higher frequencies. as compared with 

those of the prior arts·l to 3. 

The sound ~bsorbing panel is constructed by forming, 

for example, a galvanized steel plate having the thickness 

of 1.6 mm into a box sized to be about 500 mm x 1960 mm x 50 

mm as the sound insulating plate la, and by placing the 

sound absorbing_plate 2·having the thickness of about 3.5 mm 

in the box so that the thickness lla of the back air spaces 

11 becomes about 3.5 mm, to which sound absorbing plate 2 the 

hollow members 30a are fixed so that the thickn~ss 12a of 

the back air spaces 12 becomes about 9 ~m for forming the 

resonators 30. And then, square bars made from ABS resin 

and having the width of about 27 mm and the height of about 
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15 mm are fixed to the protecting plate 4 made of an 

aluminum plate having the thickness of 0.8 mm and the rate 

of opened area of about 40 % as the reflecting members-40. 

And then, the protecting plate 4 is fixed to the sound 

insulating plate la. The sound absorption characteristic of 

the sound absorbing panel thus constructed is improved in 

the sound absorption coefficients at frequencies higher than 

about 1.5· kilo-Hz as compared to the sound absorption 

c;haracteristic in case of ·having no retlecting members, and 

the former is totally improved at a wider frequency ba-nd, as 

shown in Fig. 25. 

Similar effects can be expected in the case where 

the reflecting members 42 are disposed to be parallel to the 

resonators 30. 

EMBODIMENT 14. 

Figs. 26, 27 and 28 are longitudinal sectional views 

showing the construction of a sound absorbing mechanism 

using a porous _material according to a.fourteenth embodiment 

(embodiment 14) of the present invention. In Figs. 26, 27 

and 28, reference numeral 1 designates a sound insulator 

such as a wall. Reference numerals 3a and 3b designate 

sound absorbing plates using a thin plate porous material 

similar to the sound absorbing plate 2 of the embodiment 1. 

The materials of the sound absorbing plates 3a and 3b are 

plastic particles, a ceramic, foam metal or the like. 

Reference pumeral 11 designates a back air space of the 
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sound absorbing plate 3a; and numeral 1ia designates the 

thickness of the back air space 11 .. Reference numeral 14 

designates a.back air space of the sound absorbing plates 

3b; numeral 14a designates the· thickness of the 

perpendicular direction of the back air spaces 14; and 

numeral ;I.4b designates the thickness of the horizontal 

direction of the back air spaces 14. Reference numeral 32 

designates plural increased sound absorbers composed of a 

sound absorbing plate ·3b and a hollow member 32a and 

disposed in front of the sound absorbing plate 3a so as to 

be opposed to· the sound absorbing plate·. ~a with a space. 

Reference numeral 81 designates an input sound into the back . . 

air space 11; numeral 8la designates a re-input sound into 

the back air space 11 which re~input sound 81a is the input 

sound 81 having been reflected by the sound absorbing pl~te · 

3a and an increased sound absorber 3·2; and numeral 81c 

designates a re-input sound into a .back air space 14 which 

re-input sound 8lc is the input sound 81 having been 

reflected by the sound absorbing plate 3a. Reference 

numeral 84 designates an input sound into a back air space 

14. 

Next, the operation thereof will be described. The 

resonance frequency f 0 of _the input sound 81 _is determined in 

accordance with the thickness lla of .the back air space 11. 

The resonance freqU.ency f 0 of the input sound 84 is also 

determined· in accordance with the thickness 14a or 14b of 
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the back air spaces 14. Sound absorption coefficients 

respectively become maximum at the resonance frequencies f 0 

of them. Since each sound absorbing mechanism is 

independent of each other, the total sound absorption 

characteristic is the sum of the respective sound absorption 

characteristics. Many sounds do not pass through the sound 

absor})ing plate· 3a. but are reflected on. the surface thereof · 

in the case where the sound absorbing coefficient thereof is 

small. Acco.rdingly, when the increased sound absorbers 32 

are disposed so as to be opposed to .the sound absorbing 

plate 3a, the reflected sound becomes the re,-input sound 8lc 

or the re-input sound 8la which· is the re-input sound Blc 

reflected by an increased sound absorber 32 again and is 

input into+the sound absorbing plate 3a to be absorbed. 

Beca~se sounds having a shorter wavelength become re-input 

sounds Bla and Blc more efficiently, sound absorption 

coeff.icients at frequencies higher than. the resonance 

frequency f 0 are increased, an~ thereby sound absorption 

coefficients can _be improved from lower frequencies to 

higher frequencies as compared with .those of the prior art 

1. 

Because re-input sounds have a propagation path 

longer than those of input sounds, their phases are shifted. 

Consequently, resonance phenomena are reinforced at some 

frequencies, which brings about the increase of sound 

absorption coefficients. 
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Some sounds of the input sound~ into" the increased 

sound absorbers 32 are pulled into the spaces between the 

increased sound absorbers 32 owing to· the phenomena ·such as 

diffraction. Because the impedance of them is matched and 

their input angles become close to be perpendicular, they 

are absorbed efficiently. 

According to the results of some experiments, sound. 

absorption coefficients are _most improved in case of the 

construction shown in Fig·. 26 among the constructions shown 

in Figs. 26 to 28. 

EMBODIMENT 15. 

Figs·. 29, 30 and 31 are longitudinal sectional views 

showing the .constructions of increased sound absorbers. 32 of 

sound absorbing mechanisms using a porous material according 

to a fifteenth embodiment (embodiment 15) of the present 

invention respectively. In Figs. 29, 30 and 31, reference 

numerals 3b, 3c, 3d and 3e designate sound absorbing plates 

using a thin plate porous ma,terial. · The materials of the 

sound absorbing plates 3b, 3c, 3d and 3e are plastic 

particles, a ceramic, foam metal or the like. Reference 

numerals 14, 15, 16 and 17 designate back air spaces of the 

sound absorbing plates 3b, 3c, 3d and 3e. Because this 

embodiment s.eparates the sound absorbing plates 3b, ·3c., 3d 

and 3e and their back air spaces 14, 15, 16 and 17 

respectively-, plural resonance frequencies f 0 can be set, and 

thereby the frequencies having the local maximum sound. 
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absorption coef£icient can be dispersed. Consequently, the 

distribution of a sound absorption coefficients having a 

furthermore wider frequency.band can be obtained. 

EMBODIMENT 16. 

Fig. 32 is a perspective view showing the 

construction. of a sound absorbing mechanism using a porous 

material according to a sixteenth -embodiment (embod~ment 16) 

of the present invention; Fig. 33 is a longitudinal 

sectional view showing the sound absorbing mechanism using a 

porous material shown in Fig. 33; Fig. 34 is a sound 

absorption characteristic diagram in conformity with the 

method for.measurement of sound absorption coefficients in a 

reverberation room; and Fig. 35 is a characteristic diagram 

showing the ratios of the sound absorption coefficients in 

the case where the sound absorbing mechanism shown in Figs. 

·32 and 33 is. equipped with the increased sound absorbers 32 

to the sound absorption coefficients in the case wh~re the 

sound absorbing mechanism is not equipped with the increased 

sound absorbers 32 .. . In Figs. 32 and ·33, reference numeral 1 

designates a sound in.sulator such as a wall. Reference 

numerals 3a and 3b designate·sound absorbing plates using a 

hard thin plate porous material. The materials of the sound 

absorbing plates 3a and 3b are plastic particles, a ceramic, 

foam metal or· the like.. Reference numerals 11 and 12 

designate back air spaces of the sound absorl:>ing plate 3a; 

·and numerals. lla and 12a designate the thicknesses of the 



-59-:-

back air spaces 11 and 12 respectively. Reference numeral 

14 designates th~ back air spaces of the sound absorbing 

plates 3b; and numeral 14a designates the thickness of the 

perpendicular direction of the back air spaces 14. 

Reference numerals 20a and 20b designate latticed supporting 

members for supporting the sound absorbing plate 3a so as to 

be opposed to the sound insulator 1 above the sound 

insulator 1 with the space of the thickness lla of the back 

air spaces 11. Reference numeral 30 designates resonators 

equipped to the sound insulator 1 side.of the sound 

absorbing plate 3a with·the space of the thickness 12a of 

the back air spaqes 12; and numeral 30a designates hollow 

members for forming the resonators 3.0. The- resonators 30 

are disposed so as to be parallel to the supporting members 

20a and perpendicular to the.supporting members 20b. 

Reference numeral 32 designates plural increased sound 

absorbers composed of a sourid absorbing plate 3b and a back 

air space 14 and disposed so as to be opposed to the top 

surface of the sound absorbing plate 3a .. Reference numeral 

81. designates a:n input sound into a bac:k air space 11; 

numeral 81.b designates a re-:input sound into a back air 

space 12 which re-input sound Blb is the input sound 81 

having been reflected by the sound absorbing plate 3a and an 

increased sound absorber 32; numeral 82 designates an input 

sound into.a back air space 12; and numeral 82b designates a 

re-input sound into a back air space 11 which re-input sound 



-60-

82b is the input sound 82 having been reflected by the sound 

absorbing pl~te 3a and an increased sound absorber 32. 

Reference numeral 84 designates an input sound into a back 

air space 14. 

Next, the operation thereof will be described. 

Since the back air spaces 11 are separated by the supporting 

members 20a and· 20b and the back air spaces 12 are separated 

by the hollow members 30a and the supporting members 20b 

respectively, each back air space 11 and each back air space 

12 respectively operate independently as described in the 

embodiment 1, and thereby it becomes easy t~ generate 

·resonance ph~nomena, which brings about· the improvement of 

the sound absorption performance thereof. Since the 

interference of s9und waves due to phase differences is thus 

little, the present sound absorbing ·mechanism has larger 

sound absorption coefficients as compared with those of the 

prior arts 1 and 2. The resonance frequency f 0 of the input 

sound 81 is determined mainly in accordance with the 

thickness lla of the back air spaces 11. The resonance 

frequency f 0 of the input sound 84 is also determined mainly 

in accordance with the thickness 14a of the back air spaces 

·14. Sound absorption coefficients respectively become 

maximum at the. resonance frequencies f 0 of them. Since each 

sound absorbing m~chanism is independent of each other, the 

total sound absorption characteristic is the sum of the 

respective sound absorption characteristics. Furthermore, 
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many sounds do not pass through· the sound absorbing plate 3a 

but are re~lected on the surface thereof in the case where 

the sound absorbing coefficient thereof is small. 

Accordingly, when the increased sound absorbers 32 are 

_placed so as to be opposed to the sound absorbing plate 3a, 

the reflected sounds are reflected by the increased sound 

absorbers 42 again and are input into the sound absorbing 

plate 3a as the re-input sounds 81b and 82b to be absorbed 

by it. ·Because sounds having a shorter wavelength become 

re-input sounds .Slb and 82b more efficiently, sound 

absorption coefficients at frequencies higher than the 

resonance ~requency f 0 are increased, and thereby sound 

absorption.coefficients can·be improved from lower 

frequencies to higher frequencies as compared with those of 

the prior arts 1 to 3. 

Because· the re-input sounds have a propagation path . 

longer than those of the input sounds, their phases are 

shifted. Conseque~tly, resonance phenomena are reinfo"rced 

at some frequencies, which brings about the. increase of. 

sound absorption coefficients. 

Some sounds of the input sounds into the increased 

sound absorbers 32 are pulled into the spaces between the 

increased sound absorbers 32 owing to the phenomena such as 

diffraction. Because the impedance of them is matched and 

their input angles become close to be perpendicular, they 

are absorbed efficiently. 
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The sound absorbing mechanism uses a. thin plate 

porous material as the sound absorbing plates 3a and 3b, 

which porous material is made by partially heating and 

welding plastic particles made f~om polypropylene resin, 

polyvinyl chloride resin, ABS resiri, polycarbonate resin or 

the like, and is fully disclosed in Japanese Published 

Unexamined Patent Application of No .. 289333 I 1990 (Tokkai­

Hei 2-289333} titled "Takoshitsu Kozotai (Porous Material)". 

The sound absorbing plate 3a having the thickness of about 

3.5 mm is fixed so that the thickness 11a of· the back air 

spaces 11 becomes about 35 mm, and the hollow members 30a 

are fixed to. the sound absorbing plate 3a so that the 

thickness .12a of the back air spaces 12 becomes about 9 mm 

for forming the resonators 30. The sound absorbing plates 

3b having a thickness of about 3.5 ·mm are fixed so that the 

thicknesses 14a of the back air spaces 14 becomes about 10 

mm. And then, the increased sound absorbers 32 thus 

constructed and sized to have the width of about 33 mm and 

the height of about is mm are disposed with a .space of about 

15 mm from the sound absorbing plate 3a so a·s to be 

perpendicular to the resonators 30. The sound absorption 

characteristic of the sound absorbing.mechanism thus 

constructed is improved in sound absorption coefficients -at 

frequencies higher than about 1.25 kilo-Hz and is totally 

improved at a wider frequency band as compared to the sound 

absorption characteristic in case of having no increased 
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sound absorbers as shown in Figs. 34 and 35. Since the 

sound absorbing plate 3a is ·supported by the supporting 

members 20a and 20-b, the strength of the sound absorbing 

plate 3a is increased. According to the. results of some 

. exper.iments, sound absorption coefficients are furthermore 

improved at the thickness 12a of the back air space 12 being 

about 15 mm. 

In Figs. 32 and 33, the embo.diment 16 has lat.ticed 

supporting members 20a and 20b, but the present invention 

comprises the use of the sup~orting members 20a alone or the 

supporting.members 20b alone. By such usage, the effects 

similar to those of the present embodiment can be exvected. 

Similar effects also can be expected in the case where the 

increased sound absorbers 32 are disposed to be parallel to 

the resonators ·30. 

EMBODIMENT 1 7 •. 

Fig. 36 is a longitudinal sectional view showing the 

construction of a sound absorbing pa,nel using a porous 

material according to a seventeenth embodiment (embodiment 

_17) of the present invention. In Fig. 36, reference numeral 

la designates a.sound insulating plate also serving as a 

housing of the sound absorbing panel. Reference numeral 4 

designates a protecting plate made of a punching metal or 

the like, which protecting plate 4 has at least one opening 

and is fixed to the insulating plate la. so as to cover the 

opened part of the sound insulating plate la. Reference 
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numeral 21a designates a supporting member for disposing the 

increas13d sound absorbers 32. The subject matter realized 

in the embodiment 16 brings about effects similar to those 

of the embodiment 16 even if it is applied to the form of a 

sound_ absorbing panel as shown in this embodiment. 

EMBODIMENT 18. 

Figs. 37 and 39 are perspective views showing the 

constructions of sound absorbing mechanisms· using porous 

materials· acco~ding to an eighteenth embodiment (embodiment 

18) of the present invention; and Figs. 38 and 40 are 

longitudinal. sectional views showing.each sound absorbing 

mechaili~m shown in Figs. 37 and 39 respectively. In Figs. 

37 to 40, reference numerals 3b and 3c designate sound 

absorbing plates using a thin plate porous material. The 

materials of the sound absorbing plates 3b and 3c are 

plastic particles, a ceramic, foam metal or the like. The 

sound absorbing plates 3a and 3b form the back air spaces 14 

and increased sound absorbers 32 and are disposed so that 

the sound abso~bing plate 3a is put between ·the sound 

absorbing plates 3b or 3c and the supporting members 20a or 

20b. The increased sound absorbers 33 composed of a sound 

absorbing plate 3b and a back air space 14 are disposed s·o 

that the sound absorbing plate 3a is put between the 

increased sound absorbers 33 and the supporting members 20a 

or 20b. Reference numeral 81a designates a re-input sound 

into a back air space 11 which re-input sound 81a is the 
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input sound 81 having been reflected by the sound absorbing 

plate 3a and an increased sound absorber 33. Reference 

numeral 81c designates a re-input spund into a back air 

space 14 which .re-input sound Slc is the input sound 81 

having been reflected by the sound absorbing plate 3a. 

The thus ·constructed sound absorbing mechanism us.ing 

a porous. material has not only the effect of the improvement 

of sound absorption coefficients as described with respect 

to the embodiment 16 but also the effect of the increase of 

the strength of the sound absorbing .Plate 3a. 

In Figs. 37 to 40 1 the embodiment 18 has latticed 

supporting members 20a .and 20b,· but the present invention 

comprises. the use of the supporting members .20a alone or the 

·supporting members 20b al9ne. By such usage, the effects 

similar to those of the present embodiment can be expected. 

EMBODIMENT 19. 

Fig .. 41 is a longitudinal sectional view showing the 

construction of a sound absorbing mechanism using a porous 

·material according to a nineteenth embodiment (embodiment 

19) of the present invention. In F~g. 41, reference numeral 

1 designates a sound insulator such as a wall. Reference 

numerals 3a and 3b designate sound absorbing plates using a 

thin plat.e porous material. The materials o.f the sound 

absorbing plate.a 3a and 3b are plastic particles, a ceramic, 

foam metal or the like. Reference numeral 4 designates a 

protecting plate ·made of a punching metal or the like, which 
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protecting plate 4 has at least one .opening and is disposed 

so as to be opposed to the top surf ace of the sound 

absorbing plate 3a. Reference numeral 11 designates the 

back air SJ?ace of the sound absorbing plate 3a; and numeral 

lla designates the thickness of the back air space 11~ 

Reference numeral ·14 designates back air spaces of the sound 

absorbing plates 3b; and numeral 14a designates the 

thickness of the perpendicular ~irecti6n of the back air 

space 14. Referenc~ numeral 3? designates plural increased 

sound absorbers eixed to the protecting plate 4 and composed 

of a sound absorbing plate 3b and a back air space 14 and 

furthermore disposed so as to be opposed to the top surface 

of the sound absorbing plate 3a. Reference numeral 81 

designates· an input sound into the back air space 11; and 

numeral 81c designates a re...:input sound into a back air 

space 14 which re-·input sound 81c is the input sound 81 

having been reflected by the sound absorbing plate 3a. 

Since the sound absorbirl:g mechanism using a porous 

material of the embodiment 19 is thus constructed, it can 

improve sound absorption coefficients at lower frequencies 

to higher frequencies similarly in the embodiment 14. And 

it can prevent the damage of the sound absorbing plate 3a by 

means of the protecting plate 4. Furthermore, since the 

increased sound.absorbers 32 are fixed to the protecting 

plate 4 in advance, they serve also as reinforcements to the 

protecting plate 4 and the efficiency of f:i,tting operation 
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of the protecting plate 4 at fitting sites is high. 

The soupd absorbing plate 3b can be expected to have 

similar effects in case.of being fixed perpendicularly to 

the protecting plate 4 as shown in Fig. 28. 

EMBODIMENT 20. 

Fig.·42 is a perspective· view showing the 

construction of a sound absorbing mechanism using a porous 

material according to a twentieth embodiment (embodiment 20) 

of the present invention; and Fig. 43 is a longitudin~l 

sectional view showing the sound absorbing mechanism using a 

porous material shown in Fig. · 42. In Figs.· 42 and 43, 

reference· nume~al 1 designates a sound.insulator such as a 

wall. Reference numerals 3a and 3c designate sound 

absorbing plates using a thin plate porous material similar 

to the sound absorbing plate 2 in the embodiment 1. The 

materials of· the sound absorbing plates 3a and 3c are 

plastic particles, a ceramic, foam metal or the like. 

Reference numeral 4 designates a protecting plate made of a 

punching metal or the like, .which protecting plate 4 has at 

least one opening and is disposed so as to be opposed to the 

top surface of the sound absorbing plate 3a. Reference 

numerals ·11 and 12 designate back a·ir spaces of the sound 

absorbing plate 3a; and numerals lla and 12a designate the 

thicknesses of the back air space 11 and 12 respecti ve·ly. 

Reference numeral 14 designates back air spaces of the sound 

absorbing plates 3c. Reference numerals 20a and 20b 
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designate latticed supporting members disposed so that the 

sound absorbing plate 3a is opposed to the sound insulator 1 

with the space of the thickness lla .of the back air space 

11. Reference numeral 30 designates resonators fixed to the 

insulator 1 side of the sound absorbing plate 3a with the 

space of .the thickness 12a · of the back air spaces 12; and 

numeral 30a des.ignates hollow members for fo_rming the 

resonators 30. The resonators.30 are.disposed so as to be 

parallel to the supporting members 2·0a and perpendicular .to 

the supporting members 20b. Reference numeral 32 

designates plural increased sound absorbers fixed to the 

protecting plate 4 aµd composed of a sound absorbing plate 

3c and a back air space 14. The increased sound absorbers 

32 are disposed so that the·sound absorbing plate 3a is put 

between the increased sound absorbers 32-and the supporting 

members 2.0a or 20b. Reference numeral 81 de·signates an 

input sound int.o a back air space 11; numeraJ 8lc designates 

a re-input sound into a back air ·space 14 which re-input 

sound 81c is the input sound 81 having been reflected by .the 

sound absorbing plate 3a; and numeral 82 designates an input 

sound into a back air space 12. 

Next, the operation thereof will be described. 

Since the sound absorbing mechanism using a porous material 

of the embodiment 20 is thus constructed, it can improve 

sound absorption coefficients at lower frequencies to higher 

f requenci.es as described in the embodiment 1·8 . And it can 
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THfS SHEET HAS BEEN 
REPLACED , 

prevent the ~amage of the sound_ .absorbing plate 3a by means 

of . the protecting plate 4. Furthe.rmore, since the increased 

sound absorbers 3~·are fixed to the protecting plate 4 in 

advance, they serve also as reinforcements to the protecting 

plate 4 and the efficiency of fitting operation of the 

protecting plate 4 at fitting sites is high. The strength 

of the sound absorbing plate 3a is also increased by the 

sound absorbers 32. 

·In Figs. 42 and 43, the embodiment 20 has latticed 

supporting members 20a and_ 20b, but the pres_ent invention 

comprises the use of the supporting members 20a alone or the 

supporting members 20b alone. By such usage, a part of the 

effects of the pr~sent embodiment can be obtained. 

It will be appreciated from the foregoing 

description that, according to the _first aspect of the 

present invention, the sound absorbing mechanism is 

constructed so as to s.upport a sound absorbing plate above a 

sound insulator, to form tirst separated plural back air 

spaces by separating a_space between the sound absorbiIJ.g 

plate and the sound insulator, and to form a first resonator 

having a sec~nd back air space separated from the first back 

air space in each first back air space, and consequ~ntly, 

the sound absorbi~g ~echanism which has a superior sound 

absorption characteristic from lower freque·ncies to higher 

frequencies can be ob_tained. 

Furthermore, according to the second aspect of the 
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present inyention, the sound absorbing mechanism is 

constructed so as to comprise plural reflecting members 

disposed with a space from the sound ab~orbing plate, and 

consequently, the sound absorbing mechanism which has a 

superior sound absorption characteristic from lower 

frequencies to.higher frequencies can be obtained. 

Furthermor~, according to the third aspect of the 

present· invention, the sound absorbing mechanism is 

constructed so as to comprise plural reflecting members 

disposed in front of a sound absorbing plate with a space 

from the sound absorbing plate, and a protecting plate 

disposed in front of the reflecting members for fixing the 

reflecting members which protecting plate has an opening, 

.and consequently, the sound absorbing mechanism which has a 

superior sound ·absorption characteristic from lower 

frequencies to higher frequencies can be obtained. 

Furthermor~, according to the fourth aspect of the 

present invention, the sound absorbing mechanism is 

constructed so as to comprise plural sound absorbers 

composed of a thin plate of a porous material and a second 

hollow meml::>er, which sound absorbers are disposed in front 

of a sound absorbing plate, ·and consequently, the sound 

absorbing mechanism which has\a superior sound absorption 

characteristic from lower frequencies to higher frequencies 

can be obtained. 

Furthe:i;:-rnore, according to the fifth aspect of the 
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present invep.tion; the sound absorbing mechanism is · 

constructed so as to comprise plural sound absorbers 

composed of a thin plate of a porous material and a second 

hollow member, which sound absorbers are disposed in f~ont 

of a sound absorbing plate, and a protecting plate disposed 

in front of the sound absor~ers, which protecting plate has 

an opening, and consequently, the sound absorbing mechanism 

which has a superior sound absorption characteristic f rorn 

lower frequencies to higher frequencies can be obtained. 

Furthermore, according to the sixth aspect of the 

present invep.tion, the sound absorbing mechanism is· 

constructed so as· to comprise a sound absorbing plate and 

plural reflecting members disposed in front of ·the sound 

absorbing plate with a space from the sound absorbing plate, 

and consequently, the so~nd absorbing mechanism which has a 

superior sound absorpt.ion characteristic from lower 

frequencies to higher frequencies can be obtained. 

Furthermore, according to the seventh aspect of the 

present invention, the sound absorbing mechanism is 

constructed so .as to comprise a protecting plate disposed in 

front of ref.lecting members, which protecting plate ·has an 

opening, and consequently, the sound absorbing mechanism · 

which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies can be obtaineQ. 

Furthermore, according to the eighth aspect of the 

present invention, the sound absorbing mechanism is 
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constructed so as to comprise a sound absorbing plate made 

of a thin plate of a- porous material, and sound absorbers 

composed of a thin plate of a porous materia_l and a hollow 

member, which sound absorbers are disposed in front of the 

sound absorbing plate with a space from the sound at?sorbing 

plate, and consequently, the sound absorbing mechanism which 

has a superior sound absorption characteris-tic f rem lower 

frequencies to higher frequencies can be obtained. 

Furthermore, according to the ninth aspect of the 

invention, the sound absorbing mechanism is constructed so 

as to comprise a protecting.plate disposed in front of 

plural sound absorbers for fixing the sound absorbers, which 

protecting plate has an opening, and -consequently, the sound 

absorbing mechanism which has a-superior sound absorption 

characteristic from lower frequencies to higher frequencies 

can be obtained. 

Furthermore, according to the tenth aspect of the 

present invention, the sound absorbing mechanism is 

cons~ructed so that the sound absorbing plate thereof is 

made by welding plastic particles p~rtially, and 

consequently, the sound absorbing mechanism which has a 

superior sound absorption characteristic from lower 

frequencies to higher frequencies can be obt.ained. 

Furthermore, according to the eleventh aspect of the 

present invention, the sound absorbing mechanism is . 

constructed so as. to be a sound absorbing panel by equip~ing 
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a· sound· insulating plate at the back of a sound absorbing 

mechanism, and consequently, the sound absorbing mechanism 

.which has a superior sound absorption characteristic from 

lower frequencies to higher frequencies can be obtained. 

Furthermore, acGording to the twelfth aspect of the 

present invention, the sound absorbing mechanism is 

constructed so as to comprise third ~ollow members for 

forming second ·resonators havin~ a third back air space, and 

consequently, the sound absorb~ng mechanism which has a 

superior sound absorption characteristic from lower 

frequencies to higher frequencies can be obtained. 

While preferred embodiments of the present invention 

have been described using specific terms, such description 

is for illustrative purposes only, and it is to be 

understood that· changes and ·variations may be made without 

departing from the spirit or scope of the following claims. 
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1. A sound absorbing mechanism using a porous 

material to be placed on a sound insulator such as a wall 

comprising: 

a sound absorbing plate made of a thin plate of a 

porous material; 

a supporting member for supporting said sound 

absorbing plate above said sound insulator, the supporting 

member forming separated plural first back air spaces by 

separating a space between said sound absorbing plate and 

said sound insulator; and 

a first. hollow member fixed to·a back of said sound. 

absorbing plate for forming a first resonator having a 

second back air space separated from said first back air 

space in each first back air space. 

2 . The s.ound absorbing mechan·ism using a porous 

material according to claim 1, which further comprises· 

plural reflecting members disposed in front of said sound 

absorbing plate with a space from the sound absorbing plate . 

. 3 . The sou.nd absorbing mechanism using a porous 

material according to claim 1, which further comprises: 

p_lural .reflecting members dispo~ed in front of said . 

sound absorbin$ plate with a space from the ·sound absorbing 

plate; and 

·a protecting plate disposed in front of said 

reflecting members for fixing the reflecting members, the 
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protecting plate having an opening. 
· I 11111111111111111111111111111· . 

* C L N S * 

4. The sound absorbing mechanism using~ porous 

material according to claim.1, which further comprises 

plural sound absorbers composed of a thin plate of a porous 

material and a second hollow member, the sound absorbers 

being disposed .in front of said sound absorbing plate with a 

space from the ·sound absorbing plate. 

5. The sound absorbing mechanism using a porous 

material according to claim 1, which further comprises: 

plural sound absorbers composed of a thin plate of a 

porous material and a second hollow member, the sound 

absorbers being disposed in front of said sound .absorbing 

plate with a space from the .sound absorbing plate; an~ 

a protecting plate disposed in front of said sound 

absorbers for fixing the sound absorbers, said protecting 

plate having an opening. 

6. A sound absorbing mechanism using a porous 

·· material to be placed on a sound insulator such as a wall 

comprising: 

a sound absorbing plate made of a thin plate of a 

porous material and disposed above said sound insulator with 

a back air space between; and 

plural reflecting members disposed in front of said 

sound absorbing plate with a space from the sound absorbing 

plate. 

1·. The .sound absorbing mechanism using a porous· 
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material according to claim 6, which further contprises a 

protecting plate disposed in front of.said reflecting 

members for fixing the reflecting members, the protecting 

plate having_ an opening. 

8. A sound absorbing mechanism using a porous 

material to be placed on a sound insulator such as a wall 

comprising: 

a sound absorbing· plate made of a thin plate of a 

porous material and disposed above said sound insulator with 

a back air space between; and 

plural sound absorbers composed.of a thin plate of a 

porous material and a hollow member, i;:;aid sound absorbers 

being disposed iri· front of said sound absorbing plate wit.h a· 

space from the sound absorbing plate. 

9. The sound absorbing mechanism using a porous 

material according to claim 8, which further comprises a 

protecting plate 

disposed in front of said· plural sound absorbers for.fixing 

the sound absorbers, the protecting plate having an opening. 

10. The sound absorbing mechanism using a porous 

"material according to claim 1,.wherein said soupd absorbing 

plate is made by welding plastic -part:j..cles partially. 

11. The sound absorbing mechanism using a porous 

material. according· to claim 6, wherein said sou,nd absorbing 

plate is made by welding plastic particles partially. 

12. The sound absorbing mechanism using a porous 
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material according to claim 8, wherein said sound absorbing 

plate is made by welding pl~stic particles partially.· 

13. The sound absorbing mechanism·using a porous 

material according to claim l; which is formed as a sound 

absorbing panel by equipping a e.ol.md insulating plate 

co~responding to said sound insula.tor at a back of a sound 

absorbing mechanism. 

14. The sound absorbing mechanism using a porous 

material.according to claim 6, which is formed as a sound 

absorbing panel by equipping.a sound insulating plate 

co;rresponding to said :sound insulator at a back ·of a sound 

absorbing mechanism. 

15. The sound absorbing. mechanism using a porous 

material according to claim 8, which is formed as a sound 

-absorbing panel by equipping a sound insulating plate 

corresponding to said sound insulator at a back of a sound 

absorbing mechanism. 

16. The sound absorbing mechanism u·sing a porous 

material according to claim 1, which further comprises a 

third hollow member fixed to.a back of said sound absorbing 

plate. for forming a se:cond resonator having a third back a.ir 

space separated from said second back air space in each 

inside of said first hollow members. 


